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Abstract: High concentrations of pesticides and toxic metal pollutants in the environment, often
present in surface waters in nature, can accumulate in wild animals and are a significant public
health concern. Serbia is a moderately developed, south European country in transition, with a long
tradition in agriculture, particularly in the northern part, Vojvodina. Our study aimed to assess the
presence of pesticides and to measure concentrations of toxic metals in the district of Backi Petrovac,
Vojvodina. Water samples were analyzed from canals, ditches, fish from the canals and wild animals
caught in the Backi Petrovac district. We identified nine pesticides in water samples. Of all detected
pesticides, one was a hormonal disruptor. There were no pesticides in animals, fish and organs in a
concentration above the limit of detection (LOD) in observed periods. The concentrations of toxic
metals detected in superficial water (Cd, Pb, Hg, As, Mn, Cu) were below the permitted limits, as
well as the concentrations of Cd, Pb, Hg, As and Mn in the whole bodies of fish. Concentrations in
kidneys and livers of wild animals (rabbit and roe deer) were below the permitted limits, with the
exception of cadmium, whose concentrations in some animal samples were above the permitted limit.
Based on the obtained results, we concluded that in the developed agricultural region unencumbered
by heavy industry, pollution by pesticides and heavy metals can be controlled.

Keywords: pesticides; toxic metals; concentration in superficial water; whole bodies of fish; organs
of wild animals

1. Introduction

Contemporary economies and agriculture generate large amounts of waste [1]. While
in developed countries there are strict rules in waste management, in less developed coun-
tries this domain does not adequately follow the development. The amount of toxic waste
that pollutes the soil, aquatic systems and endangers animals and plants is consistently
rising [2].

The presence of pesticides and heavy metals in water is one of the primary environ-
mental indicators, particularly in agricultural areas. High concentrations can severely
affect fauna and are a significant public health concern [3,4]. Although pesticides are
indisputably necessary to increase agricultural production, many of them are toxic to living
organisms. Therefore, states limit by law the presence of pesticide residues in water, land
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and living organisms [5]. Pesticide pollution is one of 28 agro-environmental indicators
according to the European Commission [6]. Diverse living organisms, such as insects, fish,
plankton, livestock and bacteria can be used as bioindicators for monitoring the health of
the natural ecosystem.

Serbia is a middle developed south European country with a long tradition in agri-
culture, particularly in the northern part, Vojvodina, located in the fertile Pannonia basin,
which until 1918 was part of the Austro-Hungarian Empire. It has developed agriculture.
In the process of accession to the EU, Serbia has adjusted to EU laws and regulations in
safe pesticide and waste management, with the determination of maximum residue levels
(MRL) for pesticides and maximum permissible levels (MPL) for toxic metals [7]. However,
the implementation of these laws in everyday practice is not consistent yet. Although pes-
ticides, if not registered, cannot be bought in agricultural supply stores in Serbia, they can
still be found on the black market. A special problem regarding the application of pesticides
is frequency and amount of spraying, due to resistance to pesticides. Although in recent
research farmers claimed they do not use more than the recommended concentrations,
many of them thought the higher concentrations were more effective [8]. A special problem
is the empty containers of pesticides. Although there are strict rules about management, the
disposal in praxis has not yet been resolved, so the empty containers sometimes end up in
watercourses. [8]. This can significantly contaminate the surface waters [3]. High numbers
and concentrations of pesticides are predominantly detected in small- and medium-sized
streams predominantly flowing through agricultural land [9].

The Serbian Environmental Protection Agency publishes annual reports on chemical
pollution of surface and groundwater in Serbia. Pesticides have been detected every year,
but only occasionally, with metolachlor, terbuthylazine and acetochlor detected among
others [10]. Zivan&ev [11] in four rivers in Serbia mainly detected atrazine, carbendazim,
propazine and dimethoate, in low concentrations. Anti¢ et al. [12] detected in the south-east
part of the Danube carbendazim (269 ng/ L), atrazine (188 ng/L), terbuthylazine (180 ng/L)
and acetochlor (110 ng/L), while in the tributary Tisza river only terbuthylazine was
present at high levels (130 ng/L). In other sampling campaigns, pesticides were present at
low concentrations [12].

Heavy metals are well-known environmental pollutants due to their toxicity, persis-
tence in the environment, and bioaccumulative nature [13]. The heavy metals As, Cd, Pb
and Hg are considered most toxic to humans, animals, fish and the environment. Excessive
concentrations of heavy metals are detrimental. They destabilize ecosystems because of
their bioaccumulation in organisms, and toxic effects on biota and cause death in most
living beings [14]. Their natural sources include weathering of metal-bearing rocks and
volcanic eruptions. The most common source of heavy metal pollution today is heavy
industry. One of the most important anthropogenic sources, particularly in agricultural
regions, includes agricultural activities—mainly fertilizing, mining and industrial activities.
Phosphate fertilizers are produced from phosphate rock by acidulation. The final product
contains all of the heavy metals present as constituents in the phosphate rock. Phosphate
fertilizers are particularly rich in toxic heavy metals. Heavy metals are well-known environ-
mental pollutants due to their toxicity, persistence in the environment, and bioaccumulative
nature [13]. Based on comparison of actual concentrations of hazards substances, including
the heavy metals, with average yearly concentrations as well as with maximal permitted
concentrations in surface waters the Serbian Environmental Protection Agency classifies
surface waters into five classes [10]. According to the yearly report, only arsenic, in two
samples, detected in high concentrations in the northern part of Vojvodina, and iron, in
different localities in Serbia, were classified in the fifth class.

In addition to everyday pollution with pesticides and heavy metals, in the past 20 years
there have been incidents reported of poisonous waste accidentally spilling into natural
watercourses, which in some cases had the scale of an ecological disaster [15]. The result
was the mass death of fish, the destruction of animal and plant habitats, and the disturbance
of the ecological balance.
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The municipality of Backi Petrovac is a mostly agricultural area, with agricultural
production in transition. While 20-30 years ago many farmers cultivated small amounts of
land, up to 5-10 hectares, which involved a lot of manual work for controlling weeds, today
the amount of land per farmer is increasing, and only mechanization and chemicals are used
for weed control and for protection from pests. In the area, there are no industrial plants
that would significantly pollute the environment. The closest upstream city is Vrbas, more
than 30 km from the Backi Petrovac municipality, with mainly food producing industry.

Therefore in our research we wanted to examine the level and the threat of pollution
of ecosystem-surface waters, fish and wild animals in this one developing agricultural
environment, unburdened by nearby industry.

2. Materials and Methods
2.1. Place of Study

The study was performed in the Backi Petrovac district, a municipality with about
14,000 inhabitants, a traditionally agricultural region situated in the Vojvodina region, the
most developed rural area in Serbia (Figure 1). Residents, primarily the Slovak minority,
have traditionally engaged in agriculture since their movement within the former Austro-
Hungarian Empire from the north part (today’s Slovakia) to the south, Vojvodina (today’s
Serbia) about 250 years ago. In recent years, the number of small (up to 5 hectares) agri-
cultural households has declined, and most smallholder farmers have around 25 hectares.
The number of registered agrarian families in the district is 1313 [16].

Figure 1. Vojvodina rivers and canals, and Backi Petrovac district (source: https:/ /www.superjoden.
nl/vode-vojvodine-mapa.html (accessed on 13 June 2021)).

2.2. Sampling

Water samples were collected in the period 2018-2020. The samples were collected in
summer 2018, and in the spring of 2019 and 2020. Collection dates were chosen because
pesticides were used for the most commonly cultivated crops at that time. Water samples
were collected from 10 localities (Figure 2):

- The two canals passing through the region (from two points, 9 and 10 two empty in
Figure 2). The Karavukovo Backi Petrovac (kanal KBP) is 52 km long, while the Mali
Backi canal is 66 km long. The exact deepness of the canals is not known, unofficially


https://www.superjoden.nl/vode-vojvodine-mapa.html
https://www.superjoden.nl/vode-vojvodine-mapa.html

Sustainability 2021, 13, 9809

40f12

about 3 m. Around the canals there is high grass and particularly in summer, a lot of
vegetables are grown in the canal (Figure 3). The most common agricultural species
in the area are soybeans, corn, wheat, potatoes, paprika.

- From water ditches in the municipality, in different locations (seven points, 1, 2, 3, 5, 6,
7, 8 in Figure 2). The ditches in the field start from the canals and branch off the area.
They are used mainly for drainage, only occasionally for irrigation. They are about
2 m wide and about 1-2 m deep. During the summer, some of them are water-free. At
the time of sampling, water was in the ditches.

- From an artesian well (one point, 4), in the vicinity of the canal.

n Sampling in the district
E] of Backi Petrovac:

3 235 thes
Bauxu %, 1,2,3,5,6,7, 8 ditches
MNerposay Ao )
e 2, 4 artesian well
Ak 1
wans

9, 10 canals
(o]

PFnoxawu

B
g

Figure 2. Sampling points in the district of Backi Petrovac.

Figure 3. Canal Karavukovo Backi Petrovac. (source https://commons.wikimedia.org/wiki/File:
Kanal_Karavukovo-Ba%C4%8Dki_Petrovac_-_panoramio.jpg (accessed on 13 June 2021)).
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A total of 30 samples were collected and analyzed.

Water sampling: All samples were taken from the water surface. All water samples
for toxic metal analysis were sampled in accordance with SRPS EN ISO 5667-3: 2017; all
samples were filtered using a membrane filter (nylon filter membranes, pore size 0.45 um,
diameter 47 mm) and had a turbidity of 1 NTU less than 1 NTU) measured turbidimetrically.

Fish samples were prepared from caught fish in both canals. Forty fish from the groups
Cyprinidae (silver carp, Carassius gibelio and Rutilus, bream, Abramis brama, and redfin,
Scardinius erythrophthalmus) were analyzed. These species are herbivores. The number of
the species was approximate. The homogenates of the whole bodies were analyzed.

Wild animal samples were mainly obtained from hunters during the 2019 and 2020
seasons (mostly rabbits, Lepus europaeus, and roe deer, Capreolus capreolus). Livers and
kidneys were taken from the animals. Specimens from about 40 animals were analyzed
(both kidneys and livers from 10 animals, and livers from 17 other animals, both rabbits
and deer).

2.3. Qualitative Determination of Pesticide Residues

The presence of pesticide residues was determined by qualitative methods in the
waters of the study area and in the organs of fish and animals killed or found in the
study area.

The samples were prepared in the laboratory of the Department of Pharmacology and
Toxicology of the Medical Faculty in Novi Sad.

For this type of search-qualitative analysis, the method EPA 525.2 (Method 525.2,
Revision 2.0: Determination of Organic Compounds in Drinking Water by Liquid-Solid
Extraction and Capillary Column Gas Chromatography/Mass Spectrometry) was used.
Concentration assessment was performed according to section 13.0 Method Performance,
page 25 of the above standard method (EPA 525.2), the detection limit was 0.01 g/L.

2.4. Quantitative Determination of Toxic Metals

The presence of toxic metals (Cd, Pb, Hg, As, Mn and Cu in water, and Cd, Pb, Hg, As
and Mn in fish and animals) was determined by quantitative methods.

The samples were prepared at the Institute of Public Health of Vojvodina, Department
of Hygiene.

The samples were mineralized by wet acid digestion according to the procedure of
the Start D Microwave Digestion System (manufactured by Milestone) for quartz inserts
(cuvettes) (QS-50 quarts inserts for trace and ultra trace analysis). An inner solution of 5 mL
of 65% ultra-pure HNO3 was used and a mixture (outer solution) of 5 mL of deionized
water (ASTM 2 purity) and 1 mL of H202 (for metal trace analysis) (shown in Figure 3), as
the outer solution had no physical contact with the sample contained in the quartz cuvette.
The laboratory uses certified reference materials in the quality control system. Quality
assurance/quality control was externally evaluated.

Mineralization was performed according to SRPS EN ISO 15587-2: 2009 and technical
instructions of the manufacturer (Milestone; Digestion Application Note DG-CL-03) with
the following parameters: temperature 180 °C, applied power max. 1000 W and time
25 min.

A Start D Microwave Digestion System (manufactured by Milestone) with an HPR
1000/10 rotor (for high pressure) with Teflon cuvettes and 30 mL QS-50 quartz inserts
was used.

ICP-MS method was used to determine the level of toxic metals (surface water SRPS
EN ISO 17294-2:2017; SRPS EN ISO 15587-2:2009). The values of limit of quantitation (LOQ)
for toxic metals are presented in Table 1a.

The values of limit of quantitation (LOQ) for pesticides are presented in Table 1b.

All data were coded and analyzed using SPSS version 20 (IBM SPSS, 2020) and
Microsoft Office Excel 2010.
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Table 1. (a) Limit of quantitation (LOQ), ug/L, in surface water, in samples of whole fish and in
livers and kidneys of wild animals. (b) Limit of quantitation (LOQ), ng/g sample in surface water, in
fish and in wild animal organs (livers and kidneys).

(a)

Toxic Metal LOQ (ug/L)

Cd 0.04

Pb 1.0

Cu (depends on hardness of the water 0.1

As 0.1

Mn 0.2

Hg 0.08

(b)
Pesticide Group LOQ (ng/g Sample)

organophosphorus pesticides 1

organochlorine pesticides 0.5
carbamates 3
triazines 5

sulfonilurea 3.16
metolachlor 2

Maximal permitted concentrations (MPC) in surface water: Cd 0.45-1.5 (ug/L), depending on hardness of water;
Pb 14 (ng/L) Hg 0.07 (ug/L); Cu 5-112 * (ug/L) depending on hardness of water. LOQ * (Limit of quantitation)
and limit values in drinking water [14] for the analyzed metals in ng/mL were as follows: Cd < 0.04; Pb < 1.0;
Hg <0.16; As < 0.1, Mn < 0.2; Cu < 0.1.

The results are shown as frequency and percentage, analyzed at level of « < 0.05 to
determine statistical significance. The chi-square test (X) was used to measure the possible
correlation between nominal variables, with Yates” correction.

A one-factor ANOVA test determined the statistical significance of the difference
between the liver and kidney concentrations.

3. Results

The detected pesticide residues are shown in Table 2.

The most frequently found pesticide in the canals was dichlorobenzene (five samples
in 2018), followed by one sample of nicotine in 2018 and one sample of metolachlor in 2019
and phenylphenol in 2020. In ditches, nicotine (metabolite of nicotinoids, three samples in
2018) dichlorobenzene, metolachlor, bornanon and 2,3 dipyridyl were detected. In 2019
terbutilazine, metolachlor, bromoanalin and bromophenylisocyanate were found while in
2020 one sample each of phosphonic and benzoic acid was detected. In the artesian well,
there were no pesticides detected.

Of all detected pesticides, two (dichlorobenzene, 2,3 dipiridil) have been not approved
for use in the EU and in Serbia for years. Metolachlor and nicotinoids were approved
in Serbia at the time of sampling, but not in the EU. Of all detected pesticides, one (2,3
dipiridil) was a hormonal disruptor.

There were no pesticides in fish and organs of wild animals in a concentration above
LOQ in observed periods. This finding agrees with the detection of pesticides in surface
water, where the presence of pesticides was occasional, with no permanent presence.
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Table 2. The qualitative detection of pesticide residues in water samples in three observed periods.

Period Place of Sampling
canal 1 canal 2 ditch 1 ditch 3 ar‘t;gf n
A;Ogllés’[ nicotine - nicotine -
dichlorobenzene dichlorobenzene dichlorobenzene -
May 2019 metolachlor - - -
May 2020 phenylphenol - - -
period
ditch 1 ditch 2 ditch 3 ditch 4
A;(%%St dichlorobenzene nicotine dichlorobenzene -
metolachlor - - -
2,3 dipiridil - -
Terbuthylazine : Bromophenyliso- 4-bromoaniline
May 2019 metolachlor terbuthylazine cyanate metolachlor
) ; phosphonic acid _
May 2020 benzoic acid

The results of quantitative determination of selected toxic metals in a surface waters is
shown in Scheme 1.

3
2.5 :
2 m Pb (mcg/L)
2 1.5 I ® Cd (mcg/L)
w
E 1 Hg (mcg/L)
0.5 B Cu (mcg/L)
I
0 - -
2018 2019 2020
-0.5

Scheme 1. Concentrations of selected toxic metals in a sample of surface water in Backi Petrovac
district 2018-2020 (ug/L).

The concentrations of Cd, Pb and Cu in surface water were below the maximum
permitted values, with the exception of Hg, for which the concentrations in 2019 exceeded
the maximum permitted value of 0.07mcg/L (Scheme 1).

The presence of selected toxic metals in a sample of fish in the investigated period is
shown in Table 3. With the exception of cadmium, measured in concentrations above LOQ
in only 13.3% of samples, the concentrations of Pb, Hg, As and Mn were detectable in most
samples (73.3-86.6%, depending on the metal), but in all cases in concentrations below the
maximum permissible concentrations (Scheme 2).

The concentrations of toxic metals in the livers and kidneys of wild animals is shown
in Table 4. The concentrations were detectable but under permitted limits in all samples
but cadmium, where concentrations above the permitted level were measured in one liver
(3.7%) and in four kidney (40%) samples. The concentrations in kidneys were higher
than in livers for cadmium, lead, mercury and arsenic, reaching the significance level for
cadmium, mercury and arsenic. For manganese, the concentrations were significantly
higher in the livers.
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Table 3. The average (X) and maximum measured concentrations of selected toxic metals in ho-
mogenate of fish in Backi Petrovac district in investigated period and percentage of sample with
concentrations above LOQ.

Sample Cd (ng/g) Pb (ng/g) Hg (ng/g) As (ng/g/) Mn (ng/g)
LOQ/MPC 0.04/50 1.0/200 0.16,/500 0.1/2000 0.2/20,000
X 0.71 411 33.35 56.64 1350.71
maximum measured 6.25 16.3 142.2 161.3 27419
concentrations
% Oflsarﬂfig“r’fth 2/15 12/15 1555 13/15 13/15
C‘;bfve LO% s (13.3%) (80%) . (86.6%) (86.6%)
30
25
20 mCd
15 m Pb

Percentage

10 He
mAs
5
® Mn
0 |

Scheme 2. Ratio of maximum permissible concentrations of toxic metals and maximum measured in
fish homogenates (%).

Table 4. The presence of selected toxic metals in the kidneys and livers of wild animals in Backi Petrovac in the investigated
period and maximal permitted concentrations (MPC).

The Concentration of Selected Toxic Metals in Liver and Kidney of Animals (ng/g) and MPC

Cd Pb Hg As
MPC/WHO MPC/EU MPC/EU MPC/WHO
MPC liver 500 ng/g 500 ng/ 100 ng/ 2000 ng/
kidney 1000 ng/g 88 88 88
Liver
- 113.45 + 131.375 60.656 + 68.7 11.61 + 9.58 6.28 -+ 4.26
X4+ SD
Liver
MINLMAX 10.0-631.15 2.5-262.75 1.5-53.5 0.5-18.75
I;fr;%’ 1367.99 + 1579.29 71.47 + 65.55 26.56 + 12.15 13.23 + 6.06
Kidney 106.4-3819.25 16.025-204.5 13.925-53.175 5.47-21
MINAMEAX . . ) ) . ) .
ANOVA p <001 NS p <001 p <0.05

4. Discussion

When it comes to environmental pollution in agricultural areas, most attention is paid
to pesticides. In Backi Petrovac district, the total number of pesticide residues identified
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in two canals was only four (including dichlorobenzene), which is comparable to other
findings from Serbia (in two research projects on the Danube and Tisza rivers only five
pesticides were detected) [11]. In the DTD canal Backi Petrovac-Karavukovo in 2018 and
2019, the Serbian Environmental Protection Agency detected only six and five pesticides,
respectively [10]. In other areas in Serbia the findings did not differ significantly. In
our research in shallow water all together eight pesticides were identified. Of pesticides
identified, dichlorobenzene and 2,3 dipiridil (a precursor of paraquat) were not approved
for use in Serbia or in the EU. We found dichlorobenzene in 2018 in both canals (the running
water) as well as in three out of four ditches connected to canals, and in one sample taken
from the canal in 2019. Dichlorobenzene is a banned pesticide in the EU market since
2004 as well as in Serbia. The dichlorobenzenes (DCBs) are widely used in industry and
in domestic products such as odour-masking agents, chemical dyes and pygments, and
insecticides [17,18]. The dichlorobenzene’s origin might be the wastewater from upstream
factories, where the purification systems are still not adequate, despite the efforts and
investments of the government in this area, as well as the laws that define limits very
clearly [19]. However, as it was present in a marked amount in 2018, less in 2019 and absent
in 2020, another possibility is that it was released during an ecological accident. Other
identified pesticides were detected in different localities, each only once. Having in mind
the fact that the Vojvodina region is a region with intense agricultural production, pollution
with pesticides, with only 33% positive samples, was among the lowest, comparing to
other agrarian regions.

In the Netherlands, Sjerpsab et al. [20] identified pesticides in 82% of their 23 sur-
face water samples. In Spain, in the river Ebro, in 2011, more than 40 pesticides were
detected. Some of them, such as organophosphate, chlorpyrifos, triazine, azole and others
were present in high concentrations [21]. In 2016, 47 pesticides were identified, mostly
insecticides [21] and herbicides [22]. Of them, 70% of pesticides did not have a marketing
authorization in the EU and Spain at the time of the study. Pesticides that have not been
used for a long time were still present in the waters of the rivers; 26 of the 47 pesticides
were known or suspected endocrine disruptors [22]. In Greece, atrazine, simazine, alachlor,
metolachlor and trifluralin were detected in rivers in 2006, and diazinon, parathion methyl
from insecticides and lindane, and endosulfan and aldrin from organochlorine pesticides,
which had not been used for years. Later, a limited number of herbicides used to protect
corn, cotton and rice as well as organochlorine compounds, a residue from the past, were
detected. Concentrations were only a small fraction of levels that, according to environ-
mental risk assessment analysis, are not harmful to the aquatic world [23,24]. In Vietnam,
Chau et al. [25] detected pesticides in all surface water samples, including drinking water.
At the same time, the use of pesticides was so great that the concentrations, apart from
exceeding the allowed ones in the EU, did not fall even during the off-season period.

In our research we did not detected pesticides in sample from fish and animals.
This finding supports the incidental and only occasional presence of pesticides in water,
with still no permanent negative consequences for animals. The absence of the pesticide
residue in animal and fish tissue as an indicator of environmental pollution shows that
the management of pesticides in the agricultural environment is still satisfactory and
environmentally friendly.

Heavy-toxic metals are well-known environmental pollutants due to their toxicity
and possibility of bioaccumulation. The As, Cd, Pb and Hg are considered most toxic to
humans, animals, fish and the environment. Excessive concentrations of heavy metals are
detrimental. They destabilize ecosystems because of their bioaccumulation in organisms,
and toxic effects on biota and can cause death in most living beings [26]. In our research,
the concentrations of toxic metals in samples taken from canals and shallow water were
below MPC with the exception of Hg, for which concentrations in 2019 exceeded maximum
permitted concentrations . Similar results were obtained by the Serbian environmental
agency for 2019. The increased concentrations of 0.25 ug/L of total and soluble Hg were
measured in Karavukovo Backi Petrovac canal. The reason for this rise in Hg concentration
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is not known. However, upstream, the concentrations of soluble Hg were also increased up
to 0.13 pg/L in July and to 0.46 in December 2019.

Although the concentrations of toxic metals, including the Hg, in fish, were under
the LOQ, the situation in animals was different. In all samples, the concentration of toxic
metals was above LOQ), with concentrations in kidney samples being significantly higher
than in the liver samples for all metals except manganese, where the situation was the
opposite, in accordance with reports of other authors (3.110 mg/kg liver and 1.190 mg/kg
kidney in cattle) [27]. Concentration of cadmium was in some animals above maximum
permitted values. Cadmium (Cd) is a heavy metal that does not have a physiological
function and is often considered a toxicant. It accumulates in plants and animals with
a long half-life of about 25-30 years [28]. Cadmium exposure has been established to
induce cancer in various tissues and possess a genotoxic effect. Furthermore, cadmium
exposure at relatively low doses induces circulatory diseases in laboratory animals [29].
In rabbits, in ex vivo studies, cadmium is toxic to spermatozoa [30]. Based on in vivo
data, it causes subsequently possible decreased reproductive functions in environmentally
polluted areas [31]. Other authors also reported increased concentrations of cadmium in
tissue of and animals of carnivorous species. In wild boar, kidney concentrations of Cd
(mean 4.16 mg/kg wet weight (w.w.), range 0.16-12.8) were higher than the permissible
level for human consumption in 99.9% of the samples [32]. Cadmium absorption after
dietary exposure in humans is relatively low (3-5%) but cadmium is efficiently retained
and accumulates in the kidney and liver in the human body, with a very long biological
half-life ranging from 10 to 30 years [33]. Therefore, the livers and kidneys of wild animals
should not be eaten. Although the food-producing animals may act as an effective filter of
Cd in the case of an environmental increase of this metal, consumption of visceral organs
from such animals may pose a hazard [34].

Although the status of surface water in the investigated region is good considering
pesticides and heavy metals, the rivers and shallow waters in Serbia are generally polluted,
primarily with uncleaned wastewater from the domestic, industrial and agricultural sectors.
According to Eco-Bilten, published by the Republic’s Institute for Statistics, in 2019, the
total amount of released wastewater was 1109 million cubic meters. Only 8.5% of this was
purified, and that the total amount of wastewater discharged in the public sewerage system
in 2019 increased by more than 3.5% in relation to 2018 [35]. Organic pollution, caused
by discharges of wastewater and wastewater treatment plants, industrial influence and
agricultural runoff, may lead to rapid deoxygenation of river water, a high concentration
of ammonia and the disappearance of fish and aquatic invertebrates [36]. The situation
is aggravated by water heating during recent years, which is inversely proportional to
the solubility of oxygen in water. Oxygen solubility in water is one of the most common
indicators according to which waters in Serbia are classified in category 5 [10]. This type of
pollution, together with the accidental release of chemical waste, threatens to pollute rivers
in such a way as to seriously endanger flora and fauna.

5. Conclusions

In this paper, we examined the presence of pesticides and heavy metals in surface
waters, fish and wild animal samples in an agricultural environment unburdened by nearby
industry in the northern part of Serbia. We detected pesticides in surface water, but it
was a sporadic finding, considering the place and time. No POPs were found. Only one
organochlorine pesticide, banned in Serbia and the EU but used in industry, was found
in running water. No pesticides were found in samples of fish and wild animals. This
supports the rational management of pesticides in the examined area. We encountered
heavy metals in all the tested samples, but concentrations were within the allowable limits
in waters with the exception of Hg in 2019. Concentrations of heavy metals in fish samples
were below the maximal permitted values, while for cadmium they were increased in a
small percentage of wild animal kidney samples. Therefore, consumption of organs like
kidneys should be avoided in wild animals. The presence of heavy metals supports the
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need for regular control of their existence and identification of pollution sources. This
is extremely important as heavy metals stay in living organisms for a long time and are
practically indestructible.

Our findings indicate that the situation in the agricultural area we investigated is still
satisfactory from the aspect of chemical pollution. If the existing laws, fully harmonized
with the EU, are applied, there is a real chance that agricultural areas like Backi Petrovac
municipality will be protected from significant chemical pollution.

This kind of research is of great importance precisely because of the possibility of
preserving the devastation of agricultural resources, that can provide both healthy food
and a sustainable environment.

Author Contributions: Conceptualization, PJ., A.S. and Z.T.; Data collection, S.S. and S.V.; Formal
analysis, S.V., ].S. and S.B.; Writing, A.S.; Editing, A.S. and S.S.; Supervision, Z.T. and PJ.; Software,
L.T., Project administration, S.S. All authors have read and agreed to the published version of
the manuscript.

Funding: This work was supported by the Funds for doctoral thesis of High Scholl for health and
social work, Bratislava, and by the Ministry of Education, Science and Technological Development,
the Republic of Serbia, project No III 41012.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Dordevi¢, M. Zagadivanje i zastita vazduha, vode i zemljista. Zastita Zivotne sredine. Vojno Delo 2018, 7, 465-474. [CrossRef]

2. Ferronato, N.; Torretta, V. Waste Mismanagement in Developing Countries: A Review of Global Issues Environmental research
and public health. Int. ]. Environ. Res. Public Health 2019, 16, 1060. [CrossRef]

3.  Kamran, S.; Shafaqat, A.; Samra, H.; Sana, A.; Samar, F.; Muhammad, B.S.; Saima, A.B.; Hafiz, M. Heavy Metals Contamination
and what are the Impacts on Living Organisms. Greener |. Environ. Manag. Public Saf. 2013, 2, 172-179. [CrossRef]

4. Parmar, TK,; Rawtani, D.; Agrawal, Y.K. Bioindicators: The natural indicator of environmental pollution. Front. Life Sci. 2016, 9,
110-118. [CrossRef]

5. Sl Glasnik RS 24/2014. Decree on Limit Values of Priority and Priority Hazardous Substances that Pollute Surface Waters and Deadlines
for Their Achievement; JP Sluzbeni glasnik: Belgrade, Serbia, 2014.

6.  Commision of the European Communities. Communication from the Commission to the Council and the European Parliament
{SEC 1136}. Available online: https:/ /eur-lex.europa.eu/legal-content/EN/TXT /PDF /?uri=CELEX:52006DC0508&from=en
(accessed on 1 June 2021).

7. Sl Glasnik RS. 50/2012. Decree on Limit Values of Pollutants in Surface and Groundwater and Sediment and Deadlines for Their
Achievement; JP Sluzbeni glasnik: Belgrade, Serbia, 2012.

8.  Sabo, S. Public Health and Environmental Aspects of the Use of Protective Equipment in Agriculture in the Region of Backi
Petrovac. Doctoral Thesis, St Elizabeth School of Health and Social Work, Bratislava, Slovakia, 1 June 2021.

9.  Werner, I; Schneeweiss, A.; Segner, H.; Junghans, M. Environmental Risk of Pesticides for Fish in Small- and Medium-Sized
Streams of Switzerland. Toxics 2021, 9, 79. [CrossRef] [PubMed]

10. Environmental Protection Agency. Results of Surface and Groundwater Quality Testing for 2019 (in Serbian). Ministry of
Environmental Protection. 2020. Available online: http://www.sepa.gov.rs/download/KvalitetVoda_2019.pdf (accessed
on 10 May 2021).

11.  Zivangev, N. Correlation Analysis of Distribution Mechanisms and Concentration Levels of Pesticides in Groundwater (Serbian).
Doctoral Thesis, Univerzitet Beograd, Beograd, Serbian, 30 September 2019.

12.  Anti¢, N.; Radisi¢, M.; Radovi¢, T.; Vasiljevi¢, T.; Gruji¢, S.; Petkovi¢, A.; Dimki¢, M.; Lausevi¢, M. Pesticide Residues in the
Danube River Basin in Serbia—A Survey during 2009-2011. Clean Air Soil Water 2015, 43, 197-204. [CrossRef]

13. Ali, H,; Khan, E.; llahi, I. Environmental Chemistry and Ecotoxicology of Hazardous Heavy Metals: Environmental Persistence,
Toxicity, and Bioaccumulation. J. Chem. 2019, 2019, 6730305. [CrossRef]

14. Pandey, G.; Sarma, M. Heavy metals causing toxicity in animals and fishes. Res. . Anim. Vet. Fish. Sci. 2014, 2, 17-23.

15. Joviéevi¢, N. Fish Death in the Great Backi Canal. Online Radio Television Vojvodina, 4 November 2019. Available online:

https:/ /www.rtv.rs/sr_lat/vojvodina/backa/pomor-ribe-u-velikom-backom-kanalu_1063578.html (accessed on 2 May 2021).


http://doi.org/10.5937/vojdelo1807465D
http://doi.org/10.3390/ijerph16061060
http://doi.org/10.15580/GJEMPS.2013.4.060413652
http://doi.org/10.1080/21553769.2016.1162753
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52006DC0508&from=en
http://doi.org/10.3390/toxics9040079
http://www.ncbi.nlm.nih.gov/pubmed/33917877
http://www.sepa.gov.rs/download/KvalitetVoda_2019.pdf
http://doi.org/10.1002/clen.201200360
http://doi.org/10.1155/2019/6730305
https://www.rtv.rs/sr_lat/vojvodina/backa/pomor-ribe-u-velikom-backom-kanalu_1063578.html

Sustainability 2021, 13, 9809 12 of 12

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Republika Srbija. Portal Otvorenih Vrata. Available online: https://data.gov.rs/en/datasets/rpg-broj-svikh-registrovanikh-
poljoprivrednikh-gazdinstava-aktivna-gazdinstva/ (accessed on 2 June 2021).

EPA.2020. Final Scope of the Risk Evaluation for p-Dichlorobenzene. Retrieved Avgust 2020. Available online: https:/ /www.epa.
gov/sites/default/files /2020-09 /documents/casrn_106-46-7_p-dichlorobenzene_finalscope.pdf (accessed on 15 June 2021).
WHO. Guidelines for Drinking Water Quality, 4th ed.; WHO Press: Geneva, Switzerland, 2008.

Bovan, A.; Puzovi¢, S. Use and Treatment of Municipal and Industrial Wastewater in Republic of Serbia (in Serbian) Central
European Development Forum 2015. Available online: http:/ /www.ekourbapv.vojvodina.gov.rs/wp-content/uploads/2019/12/
(accessed on 3 June 2021).

Sjerpsab, R.; Kooij, PJ.F,; van Loon, A.; van Wezel, A. Occurrence of pesticides in Dutch drinking water sources. Chemosphere 2019,
235,510-518. [CrossRef]

Ccanccapaa, A. Pesticides in the Ebro River basin: Occurrence and risk assessment. Environ. Pollut. 2016, 211, 414-424. [CrossRef]
Balaguer, R.; Dimastrogiovanni, G.; Garcia, K.; Gonzdlez, E.; Lysimachou, A.; Romano, D. Rios Hormonados: Contamination
of Spanish Rivers with Pesticides Pesticides Action Network Europe. 2018. Available online: https:/ /www.pan-europe.info/
resources/reports /2018 /02 /1r%C3%ADos-hormonados-contamination-spanish-rivers-pesticides (accessed on 12 June 2021).
Konstantinoua, LK.; Hela, D.G.; Albanis, T.A. The status of pesticide pollution in surface waters (rivers and lakes) of Greece. Part
I. Review on occurrence and levels. Environ. Pollut. 2006, 141, 555-570. [CrossRef]

Lambropolouu, A.; Hela, D.; Koltsakidou, A.; Konstantinou, I. Overview of the Pesticide Residues in Greek Rivers: Occurrence and
Environmental Risk Assessment. In The Rivers of Greece; The Handbook of Environmental Chemistry; Springer: Berlin/Heidelberg,
Germany, 2015; Volume 40.

Chau, N.D.G.; Sebesvari, Z.; Amelung, W.; Renaud, G.F. Pesticide pollution of multiple drinking water sources in the Mekong
Delta, Vietnam: Evidence from two provinces. Environ. Sci Pollut. Res. 2015, 22, 9042-9058. [CrossRef]

Zuluaga Rodriguez, J.; Gallego Rios, S.E.; Ramirez Botero, C.M. Content of Hg, Cd, Pb and As in fish species: A review. Vitae
2015, 22, 148-149. [CrossRef]

Miranda, M.; Alonso, M.L.; Benedito, ]J.L. Copper, zing, iron, and manganese accumulation in cattle from Asturias (northern
Spain). Biol. Trace Elem. Res. 2006, 109, 135-143. [CrossRef]

Genchi, G.; Sinicropi, M.S.; Lauria, G.; Carocci, A.; Catalano, A. The Effects of Cadmium Toxicity. Int. ]. Environ. Res. Public Health
2020, 17, 3782. [CrossRef] [PubMed]

Satoh, M.; Koyama, H.; Kaji, T.; Kito, H.; Tohyama, C. Perspectives on Cadmium Toxicity Research. Tohoku J. Exp. Med. 2002, 196,
23-32. [CrossRef] [PubMed]

Roychoudhury, S.; Massanyi, P.; Bulla, J.; Choudhury, M.D.; Lukac, N.; Filipejova, T. Cadmium toxicity at low concentration
on rabbit spermatozoa motility, morphology and membrane integrity in vitro. J. Environ. Sci. Health Part A 2010, 45, 1374-1383.
[CrossRef]

Massanyi, P.; Lukac, N.; Stawarz, R.; Roychoudhury, R. Concentration of Cadmium in Rabbit Semen and Detection of the Effect
on Spermatozoa Motility in vitro. World Appl. Sci. ]. 2009, 5, 21-31.

Malmsten, A.; Dalin, A.M.; Pettersson, J.; Persson, S. Concentrations of cadmium, lead, arsenic, and some essential metals in wild
boar from Sweden. Eur. J. Wildl. Res. 2021, 67, 18. [CrossRef]

European Food Safety Authority. EFSA. Cadmium in food Scientific Opinion of the Panel on Contaminants in the Food Chain
(Question No EFSA-Q-2007-138). EFSA J. 2009, 7, 980.

Mahaffey, K.R.; Corneliussen, P.E.; Jelinek, C.F,; Fiorino, J.A. Heavy metal exposure from foods. Environ. Health Perspect. 1975, 12,
63-69. [CrossRef] [PubMed]

Muminovi¢, E. Waters in Serbia—Vredna Blaga or Origin of the Contract? European Western Balkans 2021. Available online:
https:/ /europeanwesternbalkans.rs/ (accessed on 12 June 2021).

EEA. European Environmental Agency 2020. Water Quality and Pollution by Oxygen Consuming Substances. Available
online: https:/ /www.eea.europa.eu/archived/archived-content-water-topic/status-and-monitoring / state-of-surface-waters/
water-quality-and-pollution-by-oxygen (accessed on 12 June 2021).


https://data.gov.rs/en/datasets/rpg-broj-svikh-registrovanikh-poljoprivrednikh-gazdinstava-aktivna-gazdinstva/
https://data.gov.rs/en/datasets/rpg-broj-svikh-registrovanikh-poljoprivrednikh-gazdinstava-aktivna-gazdinstva/
https://www.epa.gov/sites/default/files/2020-09/documents/casrn_106-46-7_p-dichlorobenzene_finalscope.pdf
https://www.epa.gov/sites/default/files/2020-09/documents/casrn_106-46-7_p-dichlorobenzene_finalscope.pdf
http://www.ekourbapv.vojvodina.gov.rs/wp-content/uploads/2019/12/
http://doi.org/10.1016/j.chemosphere.2019.06.207
http://doi.org/10.1016/j.envpol.2015.12.059
https://www.pan-europe.info/resources/reports/2018/02/r%C3%ADos-hormonados-contamination-spanish-rivers-pesticides
https://www.pan-europe.info/resources/reports/2018/02/r%C3%ADos-hormonados-contamination-spanish-rivers-pesticides
http://doi.org/10.1016/j.envpol.2005.07.024
http://doi.org/10.1007/s11356-014-4034-x
http://doi.org/10.17533/udea.vitae.v22n2a09
http://doi.org/10.1385/BTER:109:2:135
http://doi.org/10.3390/ijerph17113782
http://www.ncbi.nlm.nih.gov/pubmed/32466586
http://doi.org/10.1620/tjem.196.23
http://www.ncbi.nlm.nih.gov/pubmed/12498323
http://doi.org/10.1080/10934529.2010.500909
http://doi.org/10.1007/s10344-021-01460-y
http://doi.org/10.1289/ehp.751263
http://www.ncbi.nlm.nih.gov/pubmed/1227862
https://europeanwesternbalkans.rs/
https://www.eea.europa.eu/archived/archived-content-water-topic/status-and-monitoring/state-of-surface-waters/water-quality-and-pollution-by-oxygen
https://www.eea.europa.eu/archived/archived-content-water-topic/status-and-monitoring/state-of-surface-waters/water-quality-and-pollution-by-oxygen

	Introduction 
	Materials and Methods 
	Place of Study 
	Sampling 
	Qualitative Determination of Pesticide Residues 
	Quantitative Determination of Toxic Metals 

	Results 
	Discussion 
	Conclusions 
	References

